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Annotation. The main factor that determines the distortion of the shape of the reflectors in outer space is the 
temperature deformation due to the uneven distribution of heat fluxes in the structural elements. Therefore, it is 
important to develop models and methods for calculating temperature fields in reflectors with uneven distribution of 
heat fluxes on the surface. The use of such methods will reduce the number of expensive field experiments. The paper 
first constructs a mathematical model for calculating temperature fields in a parabolic reflex antenna, in the form of a 
paraboloid of rotation rotating at a constant angular velocity, taking into account the finite velocity of heat propagation 
as a boundary value problem of mathematical physics for the hyperbolic equation of thermal conductivity. that the 
thermophysical properties of the body are constant. At the initial moment of time, the body temperature is constant, and 
on the outer surface of the body are known values of heat flux which are continuous coordinate functions. To solve the 
obtained boundary value problem, a new integral transformation for a two-dimensional finite space was constructed. 
The formula of inverse transformation is given. Eigenvalues and eigenfunctions for the kernel of integral transformation 
are found using finite element methods and Galorkin. The division of the region into simplex elements was made. Thus 
the problem of finding eigenvalues and eigenfunctions was reduced to the algebraic problem of finding eigenvalues and 
eigenfunctions. After applying the constructed new integral transformation to the obtained boundary value problem, we 
obtained the Cauchy problem, the solution of which was found analytically. The obtained solution of the boundary 
value problem is twice continuously differentiated by spatial coordinates and once in time. The solution of the boundary 
value problem found can be used to modulate the temperature fields that occur in a parabolic reflex antenna. The paper 
first constructs a mathematical model for calculating temperature fields in a paraboloid rotating at a constant angular 
velocity, taking into account the finite velocity of heat propagation as a boundary value problem of mathematical 
physics for the hyperbolic equation of thermal conductivity with Neumann boundary conditions. Using the developed 
integral transformation, the temperature fields in the paraboloid in the form of convergent series by Fourier functions 
were found. The solution of the generalized boundary value problem of heat exchange of the paraboloid of rotation can 
be used to modulate the temperature fields that occur in the antenna reflectors of spacecraft. 
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Anotauis. OcHoBHUM (dakTOpoM, WO BH3Ha4a€ CIOTBOPeHHA POpMH pedseKTOpIB y BIAKPHTOMY KOCMOCI, € 
TeMIlepaTypHi JePopMallil 3a paxyHOK HepiBHOMIpHOrO poO3HOAy TermIOBHX MOTOKIB HO esIeMeHTaX KOHCTpyKUil. 
Tomy akTyaJIbHOIO € po3spoOKa MOJeseH 1 MeTOMIB WIA pospaxyHKy TeMIepaTypHUX TouiB B pedleKTopax mpu 
HepiBHOMIPHOMY PpO3IIOAIIi TeMOBHX MOTOKIB Ha MOBepXHi. 3acTOCyBaHHA TaKHX MeCTONIB JO3BOJIMTb CKOPOTUTH 
KIJIBKICTb JOPOrMX HaTYPHHX CKCHepHMeHTIB. Y cTaTTi BUeplie NOOyOBaHa MaTeMaTH4Ha MOJ[eJIb pO3paxyHKy MOJIB 
TeMIlepaTypH B HapaOoi4Hilt pedbieKTOPHI aHTeHI y BUTIAM Mapadonoigza oOepTaHHA, WjO OOepTaeTECA 3 MOCTIMHOIO 
KYTOBOIO UIBHIKICTIO, 3 YypaxyBaHHAM KIHIeBOi UWIBMAKOCTI MOWMpeHHA Tela y BHTIATi Kpaiopoi 3ayqaui 
MaTeMaTHYHO! (Pi3HKH AIA TinepOomMHOrO piBHAHHA TeMOMPOBIAHOCTI 3 TpaHHyHAuMu yMoBamu Helimana, 3a yMoBH, 
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WO TerOi3H4Hi BIACTHBOCTI Tila € MOCTIMHUMH. Y MOYaTKOBMM MOMEHT Yacy TeMIepatypa Tisla € MOCTIMHOIO, a Ha 
30BHILHIM MOBepXHi Tila BINOMi 3HaYeHHA TeIJIOBOTO MOTOKY, AKi € HellepepBHi PyHKuMii KoopAMHaT. Ja BUpILWeHHA 
OTpuMaHoi KpaioBol 3aqaui Oyo moOyyoBaHe HoBe IHTerpasibHe HepeTBOpeHHA JIA BOBHMIpHOrO KIHWeBoro 
mpoctopy. I[pusoqutsca dopmMyna oOepHeHoro epeTBopeHHa. BuacHi 3HaueHHA 1 BaCHi @yHKIWi Wa anpa 
iHTerpasIbHOrO HepeTBOPeHHA 3HAXOAATBCA 3a JOMOMOFOIO METOIB KIHLeBHX eleMeHTiB Tasbopkina. [pu ybomy Oys10 
3poOseHO po30uTTA OOacTi Ha CHMIIJIeKC-eJIeMeHTH. TakKHM 4HHOM, 3ajada 3HaXOJDKeHHA BJIACHUX 3HAYeHb | BIaCHUX 
(PYHKUIM 3BOAMIacA Wo anreOpaiyHoi 3ayadi OAepxaHHA BUACHUX 3HayeHb i BIACHHXx PyHKuill. [icna 3acTocyBaHHA oO 
OTpuMaHOi KpaifoBol 3aqayi MoOyqoBaHOrO HOBOrO iHTerpasIbHOrO MepeTBOpeHHA OFeprxKann 3aqa4y Kowti, po3B’s3Kv 
AKO! Oyo 3HaliqeHO aHamiTH4Ho. OTpuMaHe pillleHHA KpaioBoi 3aaui € ABi4i HellepepBHO AudepeHuiioBaHHM 10 
TIPOCTOPOBMM KOOpAHMHaTaM 1 OHH pa3 - 3a 4acoM. 3HalJeHHM po3B’A30K KpalioBoi 3aa4i MOxKe 3HaliTH 3acTOCyBaHHA 
TIPH MO/yOBaHH1 TeMIepaTypHHx MOJB, AKi BAHHKAIOTS B Mapado4HHl pe*seKTOpHili aHTeHI. 


Karo4uosi c1oBa: Kpaiioza 3afla4ua, inTerpasiIbHe epeTBOpeHHA, rilepOoui4He piBHAHHA TeMIONpOBIAHOCTI. 


Beryn 

Ansa cyyacHoro KOCMI4HOrO 
pazio3B'a3Ky MoTpiOHe CTBOPeHHA KOCMIYHHX 
anapatiB (KA) 3  BesMKoraOapHTHuMHu 
aHTeCHaMH, UO MalOTb BHCOKOTOYHY dopmy 
TOBepxHi, WO BiqOuBae (PIIB). Ymosu ix 
(PYHKWIOHYBAaHHA Ha OpOiTi BH3HayaIOTBCA 
HacTylHuMU OCHOBHUMH (bakTopamu: 
HeBaroMicTIO, BaKyYYMOM 1 BHCOKHM piBHeM 
COHAYHOI pamiaii. 

IIpu WboMy OCHOBHUM @akTOpoM, IO 
BH3Ha4ae = cloTBOpeHHA dopmu (IIB) 
pediekTopiB y BiKpHTOMy KOCMOCi, € 


TeMilepatypHi jedopmaii 3a paxyHOK 
HepiBHOMIpHoro — pos lo isTy TeIJIOBAX 
MOTOKIB 110 CJICMeCHTaX KOHCTPyKUii. 
Ilocranoska npo6s1emu 
Tlapadomiunuit pedsleKTop € 
HalimmpocTimiorio  mopmor  pedsieKTopHoi 
anteHu. Ilepeparu yaHoi kondirypaiii 


3aCHOBaH| Ha TeOMeTpHYHHX BIAaCTHBOCTAX 
TlapadouM, OCKIJIbKH cCiepH4Hi XBHJI, AKI 
BHIPOMIHIO€ JpKepesiIo,  posMilleHe B 
(oKaIbHIM TOULI, MepeTBOPIOIOTECA B IWIOCKI 
XBW, CIIPAMOBaHi y30BK OCi OOepTaHHA 
allapaTypu. 

Tomy akTyaJIbHUM € po3poOKa Mojeuei 
i MeTOJIB JIA po3paxyHky TeMiepaTypHux 
MOB B pedeKTopax Ip HepiBHOMIPHOMYy 
pO3MOMii TemIOBHX MOTOKIB Ha MOBepXHi. 
3acTOCyBaHHA TaKHX Me€TOIB O3BOJIMTB 
CKOPOTHTH KUWIBKICTb OporHx HaTypHHX 
@KCIICPHMeHTIB. 


Anai3  ocTaHHix jociiKeHb i 
nyOsikaniti 
IlnTranHamnu KOHCTPylOBaHHA Ta 


WOCIIJPKCHHAM TePMOMeXaHIYHOrO TOBOT- 
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*KeHHA pedleKTopis 3aiiMamuca OaraTo 
3apyODKHHX 1 BITUH3HAHUX BUCHHX [1-8]. 

Hapa3i HeqOcTaTHbO BMBYeHI NHTaHHA 
IIpo po3nos TeMilepaTypHux 


TOiB +B  pedseKTopax, 0e3 3HaHHA AKHX 
HCMOKIHBO 3/iiCHHTH ix  TeXHidHy 
peasi3altiro 3 BHCOKHMH TEXHIKO- 
€KOHOMIUHHMM = l0Ka3HHKaMH. Tomy B 
HaBeyeHii poOoTi MponmoHyeTbca MeTOL 
po3paxyHKy TeMIepaTypHHX 0JiB y 


llapadomi4Homy pedsieKTopi, WO OOepTaeTECA 
3  MOCTIMHOIO KYTOBOIO IIBMKICTIO, 3 
ypax yBaHHAM KIHIeBOi UWIBUKOCTI 
MOWMpeHHA Tera. 


Mera cratTi 

Metoro ctTatTi € moOyyqoBa HOBOi 
y3arayIbHeHOl + IIpOCTOpoBO! MaTeMaTH4HO! 
MOJ{euIl pospaxyHKy TeMIlepaTypHHX TOJUB y 
HapadomiyHili = pedsekTopHiii aHTeHi y 
BHTIAG  mapadonoiqga odepTaHHa, Oo 
oOepraeTBca 3 MOCTIMHOIO KYTOBOIO 
UIBUKICTIO, 3 YpaXyBaHHAM  KIHIeBoi 
IUBHAKOCTI MOWMpeHHaA Tella y BHTAT 
KpaHoBoi 3afaui MaTeMaTHYHO! Pi3sHkKu WIA 
TillepOoM4HOrO PIBHAHHA TeIJIOMPOBIAHOCTI, 
a TaKOXK 3HaXOJDKeCHHA pilleHb OTPpHMaHoi 
KpaiioBoi 3aya4i. 


Buk1aeHHA OCHOBHOTO MarTepia.tly 


Oc KeHHA 
PosrsidHeMO po3paxyHOK TeMIlepaTypHoro 
Od Yy TOHKOCTIHHOMY napadonoini 


oOeptaHHa (puc. 1). PiBHaAHHA TBIPHMX JH 


y WHMHIpMYHi CHcTeMi KOOpy_MHAaT (0 Ps z) 
JUId 30BHIMIHBO] 1 BHYTPILIHBO: Oi4HuXx 
IIOBEPXOHb BiMOBITHO €: 


Llp. (pip) 


fp? =z 
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IIapa6onoig oOeptaeTbca HaBKOJIO OCi 
OZ 3 nocTiifHOrO KyTOBOIO WIBUAKicTIO , a 
IUBHAKICTh TOWAMpeHHA Telia € BIOMOFO 
BesMu4MHoL. Temiodi3H4Hi BlaCTHBOCTI TIWIa 
He 3aJlexKaTb Bil TeMIlepaTypu, a BHYTpilHi 
yoKepeyia Tera BiCyTHi. Y moyaTKoBnit 
MOMeHT acy TeMIlepaTypa Tila mocTiitHa 


Gy, a Ha 30BHiMHii Ta BHYTpIWHiit Oi4HHX 

TOBepxXHAX Mapadono0igqa BiOMi 3HadeHHA 

V(9.z), Vi(g.z 
( f 


MOTOKiB 


TeMIOBUX 
BIJMOBINHO. 


Puc. 1. TonkocTinHui nmapadon0ig obepTaHHa 


IIpu z = h Bigome 3HayeHHA TemIOBoro 
V3(r 
MOTOKy a 9) : 


Y [9, 10] oTpuMaHo y3arambHeHe 
PIBHAHHA TepeHeceHHaA  eHeprii AA 
pyuiiiHoro ejleMeHTa CYLJIbHOTO 


cepeOBula, 3 ypaxXyBaHHAM CKIHYCHHOCTI 
BeCJIMYMHH IWBHKOCTI MOWMpeHHA Tera. 
3riqHo [10] y3arambHeHe piBHaAHHA OamlaHcy 
eHeprii TBepyoro Tila, Ake OOepTaeTEcA 3 
TIOCTIMHOIO KYTOBOIO WIBHKICTIO @ HaBKOJIO 
oci OZ, Temmo0di3H4H1 BIAaCTHBOCTI AKOTO He 
3ayleKaTb BIJ] TeMMepaTypv, a BHYTPilHi 
yoKepeyia Tella BIACyTHi, B WMWNHApW4Hiit 
CHCTeMH KOOpAMHAaT TpviimMae BUTIIAL: 


or OT oT oT 
vC +@ c > +o = 
ot ol) Ct Opot 
OT 10f 10°T OT 
A| —-+ +> 5+ |, (1) 
Or’ ror r 0p © 
We Y —UiJIbHICTh CepeyOBMIa; c - MMTOMa 
TCIUIOEMHICTb; T(2.9, z,t) — Temiepatypa 
cepexOBUIIa; A - KoeilleHT 
TeIMMIONPOBIAHOCTI; t -4ac; T, -dYac pesaKcauii. 
MaremaTu4Ho 3anaya BH3Ha4eHHA 
TeMIepaTypHOro TOU llapaOosoina 
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iHTerpyBaHHi 
piBHAHHA 


cKylayjaeTBCa B 
audepeniiasIbHOrO 
TerOMpoBigHOcTI (1) B OONacTi 


D= {(p, Q, zt)|r € (/2p,h, \2ph\@ E (0,27), 


z€(0,h),te (0,00), 


WO 3 ypaxyBaHHAM TIpHHHATHX OMNyWeHb 
3allMWIeTbCA Y BUTIIALI: 


00 00 00 0°O 
+@—+T,—+T,0 = 
Ot OQ or 0 got 


10°0 06 
r Op ay Oz? (2) 


0°@ 
or? 


100 


r Or 


3 WOWaATKOBHMUY YMOBaMu 


A(r.p, 2,0) =0, 2(r,9,20) _ (3) 
Ot 
irpaHw4HuMu yMoBaMu 
[= e” dr=G(9,z) 
eer r=2 ph : (4) 
oe dr=G(o.2) 
0 or r=/2ph ; (5) 
JE) ev ae=alro) 
ais (6) 
9 = Lir.9.zt)-G : 
He jee = BIJHOCHAa 
V(Q, z) T 
sa; Gl(p,2)= OD 
TemMilepatypa Twa i G,) 
Vi(9,2)z, V3(r,9)c, 
ee SE LN eK hg ON Tse 
a iv 2) A(T max Gy ) bn °) A(T max > Go ) 
G(y,z),G,(9.z), Ar. g) ¢C(0,27). 
A 
a= eo KoedilleHT TeMIlepatypo- 


mpopigzHocti. Tomi pitieHHa KpaiioBol 3aya4i 
(2) — (6) A(r.9, z,t) € JBI41 HellepepBHO 
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udepeHuiioBaHuM 3a 7,Q,Z, OAH pa3 3a t B 
o6uacti D i nenepeppHum HaD [11], toOTo 
Ar, ,z,t)eC™'(D)N C(D), a byuxuii 


G(9.z), G,(g,z),A(r.@), A(r.9, z,t) MOXKYTb 
OyTH po3skayeHi B KOMIWIeKcHHi pay Dyp'e 
[12]. 


Ar, z.t) 0, (r,z,t) 
sto) [rae] ene fonneh 
A(r.9) A,(r) 
je 
0, (r, z,t) F A(r. 9. zt) 
2 1 => ae -exp(—ing)dg; 
A,(r) A(r,¢) 


6,(p, z,t) = O)(p, z,t) +3 
G(c iG." EGG) 

A, (p)=A(p) +A) (p): 
i— yaBHa OJMHUIIA. 


3 orlay Ha Te, 10 Ar, —,Z; t) (yHKIia 


~ =. 


milicHa, Haylai OOMexKMMOCA poO3rJI1]0M 
O,(r,z,t) gia n = 0, 1, 2,..., 
A, (1.2.1) 
cupsxeHumu [12]. Iligqctapnaroun 3Ha4deHHa 


dyn 3 (7) y (2) — (6), B pe3ympTaTi 


TOMY IO 


i @,(r,z,t) Oyayrb KOMMIeKCHO 


OepxKUMO cHCTeMy AMdepenwiasbHux 
PIBHAHB 
(i) 29) (m:) 
Bee +909 472 Sn $7,909) clase 
Ot Ot 0 
| On VOOR” 2 py OO 
+ * Oe’ +— 
27 2 
Ore <P Oro % Oz (8) 


3 WOWaATKOBHMU YMOBaMu 


06,)(p,z,0) _ 


6 (0, z,0) = 0, 
"(p, z,0) - 


i fpaHH4HuMu YMOBaMu 
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roo” 7" , 

oe eae G(z) 
0 or r=,/2 ph 

; p< (10) 

+00” = | 

Fe] 8 Ga) 
OE long, (11) 
-ae)| = : 
[22 | edema 
0% leat (12) 
ne 9") =-—on; 3 = an; m, =2,m, =1; 
b=1,2, 

3acTOCOBy€MO TO cucTeMu 


WMdepeniasIbHUuXx piBHAHb (8) 3 yMoBaMH (9) 
— (12) interpambHe tepeTBopenua Jlamsaca 
eMAR 
= [f(cje** dr 
0 
Y pe3ylbTaTi oepxxyemMo 
audepeniiasIbHUXx piBHAHb 


cuctemy 


50. +9" v6 V4, som D)+7,876 = 


1a{ 06% Patan (Ocoee 
22fr | 2 | (13) 


or r Oz? 
3 [paHH4YHuMU YMOBaMu 


5 (i) - 
— = 6(z), 
Ineo (14) 
5 (i) 7 
00, = GI) (z), 
ea (15) 
5 (i) 7" 
“| =A) 
* Nest (16) 
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3ayaui 
iHTerpasibHe 


Jia po3B’s3aHHA KpaiioBoi 
(13)-(16) 3aCTOCOBY€EMO 
tepetBopenua [13 - 15]: 


F (un )= ff enn z): r-f(r,z)do. 
D (17) 


Bnacwi yHKuii On, 27.2) i BuIaCHI 


SHaveHHA =f, , 8HAXONATECA 13 PO3B’A3KY 
CIe€KTPaIbHOi 3afaui: 
02 180 n'y HO, -o=o (18) 
or? ror r° Oz? ra 
20] gy 80) _g 
or r=2pjh Or r=2ph (19) 
2) 120) 
OZ | = (20) 


Bnacwi dyHKuli OAu,..7.z) i ByIaCHi 
sHaveHHA WW, B (18)-(20) 3HaxogaTbca m0 


(bopMysiaM, AKi mpuBezeHi B [15], a dopmyna 
oOepHeHOro MepeTBOpeHHA Mae BUTIAL: 


ee) Anu ke rT, z) = 
“ (21) 
I 2a lo(u,, k? r ,z)| he 
3acTOCOBy€MO TO cucTemMu 


udepenwiasbHUux piBHaAHb (13) inTerpasbHe 
llepeTBopenua (17), B pesybTaTI OAep»xKyeMo 
cuctemy asireOpai4uHux piBHAHb BiJ{HOCHO 
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ne QO") - {ipa lle, gs f2p2,2)E%e )- 


— 2p.2-lolu,..V2p,2-2)60(2)fae + 


a6) 
7 {ot O(u,..7.z) )oGn ~6 aba) 


Oz 


Dink =a Hk : 


Kpusominiinnit iHTerpas 
OOUHCIIIOETECA 10 3aMKHCHOMY OJ{aTHO 
Opi€HTOBaHOMy KOHTYypy (puc. 3). 

Po3B’a3aBLIM CHCTeMy piBHAHb (22), 
oepxKyeMO 


= i i+l 4 ™m,; 
D (i) ae O80, +(- 1) conQ!") P 
0? ton P? 


(23) 


° 


2 pe 
me ©,, =7,5° +5+q,,3;P=1+4+ 57, 


Puc. 3. 3aMKHYyTHH KOHTYp 13 TBIPHHMH JIHisMu 


r Sop. 7 S=2pe 


3acTOcoByroun 0 300paxKeHHA 
yumi (23) dopmymu odepHeHoro 
tlepetBopeHHa Jlansaca [16], ogep»xyemo 


opurinann PyHKuiit: 
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p, -si]+ 6% (s, Jo+p,ifa, (25) 
ae P, =2r.s, +16 =t.on; A=e" -1; 

la (s jz 0.55; 

nS J> So op» @ SHANCHHA s; WK 


i 
j=1,2,3,4 Bu3HauaroTEca 3a POpMyaMUu 


(6-1-1) +/(ite-ip— 
S42 = 
at, 
(5-i+1)+,/(1-6-i? -47,q,, 
534 = s . 


r 


TaKHM 4HHOM, 3 ypaxyBaHHaM (opMy.I 
oOepHeHux epeTBopeHb (7) i (21), 
Oep»KyeMO TeMIlepaTypHe Moe Hapadonoina 
oOepTaHHa, WO OOepTaeTBca 3 MOCTIMHOTO 
KyTOBOIO WBHAKicTioO Y HaBKoNO oci OZ, i3 


ypax yBaHHAM KIHIeBoi IUBHKOCTI 
MOWMpeHHA Tera: 
to | Au r, z) 
n,k? 
Arp. z5t)= D1 D) Enel) 
le ay 
-exp(ing), 


Ne Bis (t)= Ou, 4st) +i O)(u1, 1). 


A (14, , .t) O(u, ,.t) BH3HauyalOTbCA 3a 
opmysiamu (24), (25). 


BucHoBku 

Bnepwie modOyqoBaHa MaTemMaTH4Ha 
MOJeJIb Ppo3spaxyHKy TOJB TeMiepaTypu B 
TapadomuHoi pedmekTopHoi aHTeHH y 
BHIIAM mapadonoiga odepTaHHa, Wo 
oOepraeTbcad 3 MOCTIMHOIO KYTOBOIO 
IUBHAKICTIO, 3 YpaxXyBaHHAM  KiHI[eBOl 
IUBHAKOCTI MOWMpeHHaA Telia y BHIIALI 
KpaHoBoi 3afadi MaTeMaTHYHO! Pi3vKH TIA 
TillepOoOMI4HOTO piBHAHHA TeMJIOMpOBIAHOCTI 
3 rpaHv4HuMH yMoBamu Heiimana. Y poodori 


4, Inde 
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3a  OMOMOTOIO HoOBOrO _ iHTerpasibHoro 
IlepeTBOPeHHA JIA JBOBHMIpHOrO KIHWeBoro 
Iipoctopy, a TaKO%#K MeTOJIB KIHIeBUX 
ejeMeHTiB 1 J ambopKina 3HalqeHo 
TeMilepatypHe ose y BHIIAai 30lKHOrO 
pany. 3HaliqeHHii po3B’ 930K KpalioBoi 3a7a4i 
MO?KE 3HanTH 3aCTOCyBaHHA nipu 
MOJyJIIOBaHHI TeMIepaTypHUX TIOJIB, AKI 
BHHUKaIOTh B Mapadomi4Hit pedseKTopHiit 
aHTeHi. 
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